Abstract: Venous thromboembolism (VTE) is a frequent complication among acutely ill medical patients hospitalized for congestive heart failure, acute respiratory insufficiency, rheumatologic disorders, and acute infectious and/or inflammatory diseases. Based on robust data from randomized controlled studies and meta-analyses showing a reduced incidence of VTE by 40% to about 60% with pharmacologic thromboprophylaxis, prevention of VTE with low molecular weight heparin (LMWH), unfractionated heparin (UFH), or fondaparinux is currently recommended in all at-risk hospitalized acutely ill medical patients. In patients who are bleeding or are at high risk for major bleeding, mechanical prophylaxis with graduated compression stockings or intermittent pneumatic compression may be suggested. Thromboprophylaxis is generally continued for 6 to 14 days or for the duration of hospitalization. Selected cases could benefit from extended thromboprophylaxis beyond this period, although the risk of major bleeding remains a concern, and additional studies are needed to identify patients who may benefit from prolonged prophylaxis. For hospitalized acutely ill medical patients with renal insufficiency, a low dose (1.5 mg once daily) of fondaparinux or prophylactic LMWH subcutaneously appears to have a safe profile, although proper evaluation in randomized studies is lacking. The evidence on the use of prophylaxis for VTE in this latter group of patients, as well as in those at higher risk of bleeding complications, such as patients with thrombocytopenia, remains scarce. For critically ill patients hospitalized in intensive care units with no contraindications, LMWH or UFH are recommended, with frequent and careful assessment of the risk of bleeding. In this review, we discuss the evidence for use of thromboprophylaxis for VTE in acutely ill hospitalized medical patients, with a focus on (low-dose) fondaparinux.
Introduction
Venous thromboembolism (VTE), defined as deep venous thrombosis (DVT) or pulmonary embolism (PE), complicates the course of acute medical diseases in as many as 10%-20% of hospitalized patients. 1 Groups of medical patients at increased risk for VTE include those with congestive heart failure (New York Heart Association Class III or IV), acute respiratory insufficiency, rheumatologic disorders, acute infectious diseases, inflammatory bowel disease, and arterial thrombotic disease, namely, acute myocardial infarction or ischemic stroke (Table 1) . [2] [3] [4] [5] [6] [7] [8] [9] [10] Additional risk factors predisposing to VTE in medical patients are a positive history of VTE, cancer, advanced age, and prolonged immobility. 2, 6, [11] [12] [13] The risk of VTE differs across the spectrum of hospitalized medical patients, and quantitative risk prediction scores were developed
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Di Nisio and Porreca to appreciate the cumulative effect of VTE risk factors, and to help discriminate between patients at high versus low risk of VTE. 14 The latest American College of Chest Physicians guidelines adopted the Padua Prediction Score developed by Barbar et al, and recommended VTE prophylaxis in patients classified at high risk according to the score. 2, 15 The incidence of VTE was 2.2% in patients with and 11.0% in those without thromboprophylaxis, while VTE occurred in only 0.3% in patients classified as being at low risk. 15 Although none of the prediction scores proposed thus far appear to have any clear advantage, the key feature of all is that risk increases rapidly with summation of risk factors. None of the predictive scores gained widespread acceptance and none is routinely implemented in clinical practice, which may depend on the failure of the validation studies to replicate the ability of such models to stratify the risk of VTE.
14 For this reason, and for ease of use, experts in the field and some clinical guidelines simply divide medical patients into at-risk, for whom VTE prophylaxis is recommended, and not-at-risk categories based on the presence of at least one or two risk factors. 16, 17 In this review, we discuss the evidence on the use of thromboprophylaxis for VTE in acutely ill hospitalized medical patients with a focus on (low-dose) fondaparinux.
VTE prophylaxis
A number of randomized controlled trials (RCTs) and subsequent meta-analyses demonstrated that pharmacologic thromboprophylaxis in medical patients significantly reduces the incidence of VTE by 40% to about 60%. [2] [3] [4] [18] [19] [20] [21] These findings prompted panels of experts and international guidelines to recommend thromboprophylaxis with either low molecular weight heparin (LMWH), unfractionated heparin (UFH), or fondaparinux in medical patients at increased risk of VTE (Table 2) . [1] [2] [3] [4] Direct comparisons with UFH suggested that LMWH is associated with a 32% lower risk of DVT and of major bleeding. 2, 4 Given the superior adverse effect profile and the ease of use, LMWH or fondaparinux may be preferred over UFH, which could be considered for patients in whom LMWH is contraindicated.
Two recent studies evaluated the new oral anticoagulants, apixaban and rivaroxaban, against a standard course of LMWH (enoxaparin) as thromboprophylaxis in hospitalized medical patients. 22, 23 In the ADOPT (Apixaban Dosing to Optimize Protection from Thrombosis) trial, an extended course of apixaban was associated with a nonsignificant decrease in VTE and VTE-related mortality at the cost of an increase in bleeding events. 22 In MAGELLAN (the Multicenter, Randomized, Parallel Group Efficacy and Safety Study for the Prevention of Venous Thromboembolism in 
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Fondaparinux for vTe prevention in acutely ill medical patients
Hospitalized Acutely Ill Medical Patients Comparing Rivaroxaban with Enoxaparin), an extended course of rivaroxaban was noninferior at day 10 and superior at days 30-35 with regard to VTE prevention; however, clinically relevant bleeding rates were increased with rivaroxaban up to three-fold. 23 These findings were confirmed in a pooled analysis involving 14,629 patients, which showed that, compared with a standard course of enoxaparin, prolonged thromboprophylaxis with an oral FXa inhibitor lowered the incidence of thromboembolic events, while doubling the rate of major bleeding both in the long-term and short-term periods. 24 Due to these safety concerns, use of the new oral anticoagulant drugs, apixaban and rivaroxaban, cannot be currently recommended for VTE prevention in hospitalized medical patients. APEX (the Acute Medically Ill VTE Prevention with Extended Duration Betrixaban Study) is presently evaluating the factor Xa inhibitor, betrixaban, in selected high-risk medically ill patients (ClinicalTrials.gov identifier NCT01583218). The low renal clearance of betrixaban as well as the possibility of dose adjustments are expected to minimize the risk of bleeding with betrixaban. The final data collection date for the primary outcome measure is August 2014.
VTE prophylaxis with fondaparinux
Fondaparinux is a chemical synthetic pentasaccharide that binds to plasma antithrombin and selectively inhibits factor Xa. Fondaparinux may be administered intravenously or subcutaneously, with time to peak plasma concentrations of less than 2 hours, and a half-life of 17 hours that allows for once-daily subcutaneous administration. Like LMWH, the dose-response effect of fondaparinux is highly predictable, eliminating the need for any dose adjustment or dose monitoring in practice.
Fondaparinux was evaluated for VTE thromboprophylaxis in hospitalized medical patients in a randomized, placebocontrolled, double-blind trial called ARTEMIS (Rixtra for ThromboEmbolism Prevention in a Medical Indications Study). 21 The ARTEMIS study included 849 acutely ill medical patients 60 years or older who were hospitalized for at least 4 days due to congestive heart failure and/or acute respiratory illness in the presence of chronic lung disease, and/or acute infection or inflammatory disease. Patients were randomized to placebo or 2.5 mg fondaparinux administered subcutaneously once daily for 6 to 14 days. At day 15, VTE occurred in 5.6% of patients treated with fondaparinux compared with 10.5% in the placebo group, corresponding to a significant 47% VTE reduction (P = 0.029). Five (1.5%) PE, all fatal, occurred in the placebo group, while none was reported with fondaparinux. The incidence of major bleeding was low (0.2%) in either study group. Fondaparinux prophylaxis was associated with a lower mortality at day 32 (3.3% versus 6.0%), although this difference was not statistically significant.
A recent individual patient data meta-analysis of eight RCTs with over 13,000 hospitalized surgical or medical patients evaluating fondaparinux for the prophylaxis of VTE confirmed a one fifth reduction in mortality with fondaparinux (1.6%) compared with the control group of placebo or LMWH (2.1%). 25, 26 Results were consistent irrespective of whether the comparator was placebo (2.0% versus 2.6%) or LMWH (1.5% versus 1.9%). Major bleeding occurred more frequently with fondaparinux (2.9% versus 1.88%, odds ratio 1.56; 95% confidence interval 1.24-1.96), and predicted a seven-fold higher risk of death at 30 days (8.6% versus 1.7%, adjusted hazard ratio, 6.96; 95% confidence interval 4.60-10.51). However, the pattern of reduced mortality in patients treated with fondaparinux remained consistent irrespective of whether patients experienced major bleeding or not. The survival benefit with fondaparinux, if confirmed, would represent an important finding at variance with the results of analyses on UFH or LMWH that failed to show a significant effect of heparin on survival.
3,4,18

Duration of VTE prophylaxis
While thromboprophylaxis is generally continued for 6 to 14 days, or for the duration of hospitalization, 2 increasing evidence suggests that the risk of VTE may persist after discharge. 2, 27 Subgroups of patients that may remain at higher risk of post-discharge VTE and could benefit from prolonged thromboprophylaxis include for instance those with a marked reduction in mobility, cancer, or prothrombotic conditions such as antiphospholipid syndrome and thrombophilia. Medical patients could therefore benefit from extended thromboprophylaxis, but the potential for (major) bleeding events in a fragile patient, often with numerous comorbidities and comedications, needs to be taken into account. 28 In a case-control study, extended pharmacologic thromboprophylaxis did not reduce post-discharge symptomatic VTE, and was associated with a higher incidence of major bleeding events. 29 The randomized, double-blind, placebo-controlled EXCLAIM (Extended Prophylaxis for Venous ThromboEmbolism in Acutely Ill Medical Patients With Prolonged Immobilization) study showed that extended-duration prophylaxis (28 ± 4 days) with enoxaparin (40 mg once daily), beyond the standard prophylaxis regimen of 10 ± 4 days, reduced total VTE events by 38% compared with placebo (2.5% versus 4.0%; absolute risk difference favoring enoxaparin, -1.53%
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Di Nisio and Porreca [95.8% confidence interval -2.54% to -0.52%]) at the cost of a higher rate of major bleeding (0.8% versus 0.3%; absolute risk difference favoring placebo, 0.51% [95% confidence interval 0.12-0.89]). 30 The greatest reduction in VTE was observed among elderly patients, patients with cancer, and those with a marked reduction in mobility.
These results, together with those on extended prophylaxis with the new oral anticoagulants, 22, 23 underline the need for a more accurate stratification of medical patients with regard to both the risk of post-discharge VTE and post-discharge bleeding. In a retrospective cohort study, rehospitalization, thrombophilia, cancer, varicose veins, age above 65 years, obesity, acute infection, chronic venous insufficiency, stroke, and heart failure were all associated with post-discharge VTE, whereas male gender, liver disease, blood disease, increasing age, ulcer, rheumatoid arthritis, thrombocytopenia, and thromboembolic stroke were all independent predictors of post-discharge bleeding. 31, 32 The validation of a predictive score for post-discharge VTE and post-discharge bleeding could help identifying subgroups of patients with the greatest benefit-to-risk ratio from extended thromboprophylaxis, and it is therefore eagerly awaited.
Subgroups of patients at higher risk
Despite evidence and guidelines supporting VTE prevention in hospitalized patients, implementation of VTE prophylaxis remains largely suboptimal, and less than 40% receive appropriate prophylaxis, with reported rates as low as 18%. [33] [34] [35] [36] [37] [38] The ENDORSE (Epidemiologic International Day for the Evaluation of Patients at Risk for Venous Thromboembolism in the Acute Hospital Care Setting) study was a multinational, cross-sectional survey designed to determine the proportion of at-risk patients from an acute hospital care setting receiving effective prophylaxis. 33 A total of 68,183 patients were enrolled, with 45% categorized as surgical and 55% as medical. Of the 41% of medical patients judged to be at risk for VTE, only 39% received appropriate VTE prophylaxis. Several studies have evaluated methods to increase implementation of the guidelines' recommendations into clinical practice, with inconsistent results. Computer-alert programs seemed to increase the use of VTE prophylaxis and reduce the frequency of VTE in hospitalized patients, but this benefit was not confirmed in all studies, and in some the use of the alert system was associated with increased bleeding rates. [39] [40] [41] One of the reasons that may explain the poor implementation of VTE prophylaxis in hospitalized medical patients is the complexity of these patients, who are often elderly and presenting with multiple comorbidities and significant bleeding risk factors, such as renal insufficiency, cancer, and a low platelet count, which may cause reluctance among clinicians to prescribe thromboprophylaxis. These patients are increasingly encountered in clinical practice, but nonetheless were poorly represented in the RCTs. Although the individual RCTs lacked statistical power to detect a significant increase in bleeding among medical patients, pooled analysis confirmed a small but clinically relevant risk associated with the use of prophylactic anticoagulation. 18, 42 The risk of bleeding associated with thromboprophylaxis is expected to be higher in the unselected hospitalized fragile medical patient.
Patients with renal insufficiency
As many as 40% of hospitalized medical patients have moderate or severe renal insufficiency. 43 The use of anticoagulant drugs with a predominant renal clearance, such as fondaparinux, may result in an excessive anticoagulant effect due to drug bioaccumulation, which predisposes to bleeding. In the presence of renal insufficiency, international guidelines suggest to avoid use of drugs that bioaccumulate, and consider using a lower dose or monitoring the drug level or its anticoagulant effect. 1 A low dose of fondaparinux (1.5 mg once daily) was recently approved for the prevention of VTE in patients with renal insufficiency based on the results of pharmacokinetic simulations in patients undergoing major orthopedic surgery which showed a predicted concentration of the drug with renal impairment similar to that observed with 2.5 mg in patients with normal renal function. The low dose of fondaparinux was evaluated in the FONDAIR study, which included 206 acutely ill medical patients with moderate to severe renal insufficiency, defined as a creatinine clearance of 20-50 mL per minute. 44 Fondaparinux was given for a mean of 9 days. During the study treatment period, there was one case of major bleeding (0.49%) and eight clinically relevant nonmajor bleeds (3.88%). Three patients developed symptomatic VTE (1.46%) and 23 (11%) died. The FONDAIR study was prematurely interrupted due to the slow recruitment rate. Despite the relatively modest sample size of the study and the lack of a control treatment group, the results of FONDAIR suggest that a low dose of fondaparinux may be a valid and safe option for VTE prophylaxis in a fragile and challenging population, such as the one included in the study where the mean age was 82 years, the mean creatinine clearance was 33 mL per minute, and over 99% patients had a Charlson comorbidity score above 5.
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Patients with cancer
Acutely ill hospitalized medical patients with cancer may develop asymptomatic or symptomatic VTE in up to 10%-30% of cases, and PE remains a leading contributor to inhospital death in these patients. 45 Thus far, no RCT of VTE prophylaxis has included solely hospitalized medical patients with cancer, and data largely derive from subgroup analyses. In the MEDENOX (Prophylaxis in Medical Patients with Enoxaparin Study Group) trial, the incidence of VTE was higher in patients with (18.6%) compared with those without (10.7%) previous or current cancer, and thromboprophylaxis with LMWH produced a nonstatistically significant 50% VTE risk reduction relative to placebo. 11 Similarly, a post hoc analysis of PREVENT (the Prospective Evaluation of Dalteparin Efficacy for Prevention of VTE in Immobilized Patients Trial) showed a higher incidence of VTE in the subgroup of hospitalized medical cancer patients, and a 63% reduction in VTE events with LMWH. 20 Noteworthy is that none of these post hoc analyses reported the risk of bleeding for the subgroup of patients with cancer. Given the increased risk of VTE and an expected low incidence of bleeding complications with prophylactic doses, international guidelines and experts in the field recommend prophylaxis with LMWH, UFH, or fondaparinux in hospitalized medical patients with cancer. 45, 46 Patients with thrombocytopenia Thrombocytopenia is a well known risk factor for bleeding events, and in the IMPROVE (International Medical Prevention Registry on Venous Thromboembolism) study, which included over 15,000 acutely ill hospitalized medical patients, a low platelet count at admission was one of the strongest predictors of 14-day inhospital bleeding. 28 Hospitalized patients with thrombocytopenia were excluded from RCTs of primary VTE prophylaxis, and data on the safety of anticoagulant drugs in these patients are scarce. 2 The prospective, observational FAITH (Thromboprophylaxis with Fondaparinux of Deep Vein Thrombosis and Pulmonary Embolism in the Acutely-Ill medical Inpatients with Thrombocytopenia) study is presently evaluating the safety and efficacy of fondaparinux in hospitalized medical patients with a platelet count below 100,000/µL (ClinicalTrials.gov identifier NCT01727401). Fondaparinux (2.5 mg subcutaneously once daily) is given for 6 to 15 days or until discharge, with a lower dose (1.5 mg once daily) for patients with a creatinine clearance of 20-50 mL per minute. The main outcome of FAITH is the incidence of major bleeding up to 48 hours from the last dose of study drug. The study is currently recruiting patients and final data are expected in 2015.
Patients from intensive care units
Critically ill hospitalized intensive care unit (ICU) patients are at increased risk of both VTE and bleeding. In the absence of thromboprophylaxis, the reported incidence of VTE in these patients has varied between 15% and 60%, 47, 48 although the actual rate may be underestimated since the typical signs and symptoms of VTE are often masked by the patient's clinical condition. The balance of thrombotic to bleeding risk can fluctuate frequently in the ICU, requiring a daily review of thromboprophylaxis prescriptions. Severe renal insufficiency occurs for instance in 20%-40% of ICU patients, and could cause bioaccumulation of anticoagulant drugs with a predominant renal excretion, such as LMWH and fondaparinux. These concerns were, however, not substantiated by the results of a study in critically ill patients with severe renal insufficiency receiving daily prophylactic LMWH (dalteparin) who did not appear to have significant heparin bioaccumulation nor excess bleeding. 49 Vasopressors are commonly used in the ICU and could impair the bioavailability of subcutaneously administered anticoagulant drugs such as LMWH or fondaparinux, potentially reducing the efficacy of prophylaxis. In a study of hemodynamically stable ICU patients who received 2.5 mg fondaparinux subcutaneously, subtherapeutic concentrations of the drug were observed during the first 48 hours. 50 No data were provided on the incidence of VTE in these patients, leaving it unclear whether these pharmacokinetic changes may influence the risk of VTE. Heparin-based prophylaxis in ICU patients was evaluated versus placebo in three RCTs that failed to demonstrate or exclude a beneficial or detrimental effect of heparin (UFH or LMWH) on symptomatic DVT, symptomatic PE, major bleeding, and mortality. 2, 47 In PROTECT (Prophylaxis for Thromboembolism in Critical Care Trial), a large study conducted in 3,764 ICU patients, LMWH was not superior to UFH with regard to proximal DVT, but reduced PE by half, with similar rates of major bleeding. 51 Fondaparinux has not been evaluated for VTE prophylaxis in critically ill ICU patients.
For critically ill patients, guidelines suggest the use of LMWH or UFH prophylaxis, substituting mechanical thromboprophylaxis with graduated compression stockings and/or intermittent pneumatic compression for pharmacologic prophylaxis in patients who are bleeding or are at high risk for major bleeding, until the bleeding risk decreases. 
Patients with heparin-induced thrombocytopenia
A threatening complication of heparin-based prophylaxis is heparin-induced thrombocytopenia, an adverse immune-mediated drug reaction associated with a high risk of venous and arterial thrombosis, which characteristically develops 5-10 days after initiation of heparin. Heparin exposure leads to the formation of antibodies that recognize and bind to complexes of platelet factor 4 and heparin on the surface of platelets, ultimately resulting in platelet activation and marked thrombin generation. The risk of heparin-induced thrombocytopenia appears to be lower in medical patients (0.1%-1%) compared with surgical patients (1%-5%). UFH and LMWH should not be used in patients with current or previous heparin-induced thrombocytopenia. In hospitalized medical patients with a history of heparin-induced thrombocytopenia who are at high risk of VTE, fondaparinux could be suggested as thromboprophylaxis, although the evidence is essentially limited to case series.
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Summary
In summary, VTE prophylaxis with LMWH, UFH, or fondaparinux is recommended for at-risk, acutely ill, hospitalized medical patients who do not present contraindications to pharmacologic prophylaxis, such as active bleeding or high risk for major bleeding. In these latter cases, mechanical prophylaxis with graduated compression stockings or intermittent pneumatic compression may be suggested, although the limited evidence available has failed to demonstrate or exclude a beneficial effect in medical patients. 2 Thromboprophylaxis should be continued for about 6 to 14 days or until discharge. Some patients could benefit from thromboprophylaxis extended beyond discharge, but major bleeding remains an issue of concern. Predictive scores should be developed to stratify the risk of post-discharge VTE and bleeding to help tailor the duration of prophylaxis. In case of moderate to severe renal insufficiency, low-dose fondaparinux or prophylactic LMWH (dalteparin) may be suggested for VTE prophylaxis, although a formal evaluation in RCTs of the safety of this approach is lacking. In groups of patients at risk for bleeding complications, such as those with cancer or thrombocytopenia, there is the need for additional studies to establish whether the benefits of VTE prophylaxis outweigh the risks.
Drug Design, Development and Therapy
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/drug-design-development-and-therapy-journal Drug Design, Development and Therapy is an international, peerreviewed open-access journal that spans the spectrum of drug design and development through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
